A simple and efficient CAD model based on cavity model analysis is proposed to compute accurately the resonant frequency, input impedance, bandwidth and gain of radome loaded rectangular patch antenna. The computed values for wide range of radome parameters are compared with different theoretical and experimental values available in open literature. The computed values employing the present model shows very close agreements with the experiments compared to the other model. An electromagnetic software (HFSS) is also used to generate some simulated data.
are closer to the experiments compared to the others. The structure is also validated by employing electromagnetic software (HFSS).
Theoretical Formulations 2.1. Resonant Frequency
The resonant frequency of radome loaded rectangular patch antenna shown in Fig. 1 , may be written as [20]   Where, c is the velocity of light in free space,  r,eff , b e , a e are the effective dielectric constant, effective length and effective width respectively of a rectangular patch antenna with and without radome.
The effective dielectric constant of the antenna is enhanced due to dielectric loading. For computing the  r,eff of radome loaded rectangular patch antenna, the different techniques are available in open literature [8, 11, 27, [29] [30] [31] 37] . Among them, conformal mapping techniques [27, 31, 37] is more accurate but involves large mathematical steps. But we have proposed a very simple expression that involves less mathematical steps for computing  r,eff as The first term (F 1 ) of this equation represents the effective permittivity of the patch without dielectric loading. Due to dielectric loading the effective permittivity is enhanced and this enhancement is counted by introducing an empirical relation (F 2 
The actual length is enhanced due to the fringing field at the end of patch and this is termed as effective length b e . The effective length b e of substrate-superstrate combined geometry may be expressed as [9] 
where, b is the extension of length due to fringing field of substrate-superstrate combined geometry. The fringing fields are very much dependent on the relative characteristics of the substrate and radome as indicated in [44] .
Different expressions are available in open literature for computing b without radome. Among them, [9] have provided more accurate expression for computing b without radome. We have employed this expression for computing b with radome as   
The width is also enhanced due to fringing fields and expressed as a e . We have used the expression of a e that was given by [1] without radome for computing a e with radome as 
Input Impedance
Accurate calculation of input impedance of the patch antenna is required for achieving the optimum performance. So, a simple, efficient and improved CAD formula based on cavity model analysis is proposed to compute the input impedance of rectangular patch antenna with and without radome. The input impedance of a rectangular patch of length b and width a with and without radome seen by the coaxial feed, located at a distance x 0 from the centre of the patch shown in Fig. 1 , may be written as
where, R() is the input resistance at resonance when the feed is located at a distance  from the centre, Q T is the total quality factor and f r,mn is the mode dependent resonant frequency.
Q T consisting of quality factor due to radiation loss (Q r ), quality factor due to dielectric loss (Q d ) and quality factor due to conductor loss (Q c ), given by 
R() may be computed as [44] 
Results and Discussions
In this section we have compared our computed values with different theoretical and experimental values available in open literature.
Resonant Frequency
In Table 1 , we have compared our computed values with theoretical values [31] and [37] along with measurements done by [37] for wide range of superstrate thickness variation. In this study the antenna
mm. The present models shows only 0.890% average error but 2.387% and 2.042% for [31] and [37] respectively with respect to the measured values. So, the present model is closer to the experiments compared to the others.
The validity of present model is further verified with other experiments done by [18] and presented in table The effect of superstrate parameters on resonant frequency is depicted in Fig.2 . The resonant frequency is lowered due to the imposed of superstrate. More lowering in resonant frequency is occurred for higher value of superstrate thickness (d 3 ) and permittivity ( r3 ).
The percentage shift of resonant frequency due to the application of superstrate with respect to the unloaded patch is visualized in Fig.3 . This figure indicates that the more percentage shift in resonant frequency 
Input Impedance
The effect of superstrate on both resonant frequency and input impedance is depicted in Fig. 4 . Due to impose of superstrate the resonant frequency is shifted to the lower side but the input impedance is slightly increased. The more change in both resonant frequency and input impedance is seen for higher values of superstrate parameters.
In Fig. 5 we have studied the variation of input resistance at resonance with feed location for different superstrate parameters. The input resistance increases with the increase of superstrate parameters.
The present model without superstrate is validated with the experiment was performed by [44] and presented in Fig. 6 and 7 . The computed theoretical curve well agreed the measured results.
Bandwidth and gain
Due to the application of superstrate the quality factor is increased and bandwidth is reduced compared to the unloaded patch. More increase in quality factor and more decrease in bandwidth are observed for a superstrate having higher values of thickness and permittivity. These phenomena are seen from Fig.8 .
The effect of superstrate on gain for different thickness and permittivity is depicted in Fig.9 . The gain is increased more, for a superstrate whose thickness and permittivity is more high value.
Conclusions
The effect of radome on resonant frequency, input impedance, bandwidth and gain is studied thoroughly. A very simple and accurate CAD model is proposed to predict the effect of superstrate on such characteristics of rectangular patch antenna. The computed values for wide range of superstrate parameters and patch sizes are compared with different theories and measured values available in open literature and the present model reveals close agreement with experiments compared to the other models. The superiority of present model is that present model is also valid for a rectangular patch without superstrate. This model is very much important to design a rectangular patch with radome for practical implementation. 
